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Background:
In 1997, the National Hockey League (NHL) and NHL Players' Association (NHLPA) launched a concussion program to improve the understanding of this injury. We explored initial postconcussion signs, symptoms, physical examination findings and time loss (i.e., time between the injury and medical clearance by the physician to return to competitive play), experienced by male professional ice-hockey players, and assessed the utility of initial postconcussion clinical manifestations in predicting time loss among hockey players.
Methods:
We conducted a prospective case series of concussions over seven NHL regular seasons (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) ) using an inclusive cohort of players. The primary outcome was concussion and the secondary outcome was time loss. NHL team physicians documented postconcussion clinical manifestations and recorded the date when a player was medically cleared to return to play.
Results:
Team physicians reported 559 concussions during regular season games. The estimated incidence was 1.8 concussions per 1000 player-hours. The most common postconcussion symptom was headache (71%). On average, time loss (in days) increased 2.25 times (95% confidence interval [CI] 1.41-3.62) for every subsequent (i.e., recurrent) concussion sustained during the study period. Controlling for age and position, significant predictors of time loss were postconcussion headache (p < 0.001), low energy or fatigue (p = 0.01), amnesia (p = 0.02) and abnormal neurologic examination (p = 0.01). Using a previously suggested time loss cut-point of 10 days, headache (odds ratio [OR] 2.17, 95% CI 1.33-3.54) and low energy or fatigue (OR 1.72, 95% CI 1.04-2.85) were significant predictors of time loss of more than 10 days.
Interpretation: Postconcussion headache, low energy or fatigue, amnesia and abnormal neurologic examination were significant predictors of time loss among professional hockey players.
all concussions sustained during regular season games from 1997-1998 to [2003] [2004] . Physicians used standardized injury report forms; the 2002-2003 Physician Evaluation Form is presented in Appendix 1 (available at www .cmaj .ca /cgi /content /full /cmaj .092190 /DC1).
The team physicians were present at all regular season games and consistently documented initial postconcussion signs, symptoms and physical examination findings over the seven years of study. Physicians also recorded the date when a player was medically cleared to return to play, which provided a marker of concussion severity (via time loss from participation). This clearance date served as a best estimate of when a player had completely recovered from his concussion and was able to return to unrestricted competition. Additional details of the study methods are provided in Appendix 2 (available at www .cmaj .ca /cgi /content /full /cmaj .092190 /DC1).
Outcome measures
The main outcome variable was concussion (for the definition of concussion as used in this study, see Box 1). The secondary outcome variable was time loss. Time loss was defined as the period of competitive playing time lost by a study participant as a result of concussion, and was measured in days from the date of injury to the date on which the team physician medically cleared a player to return to unrestricted competition. The NHL-NHLPA Concussion Program did not adopt a concussion grading scale or return-to-play guideline. Rather, team physicians managed concussions according to their own clinical judgment, as suggested in the literature on concussion. [1] [2] [3] 18, 19 The independent variables of interest were age, position, recurrent concussion during the study period, and initial postconcussion symptoms, signs and neurologic examination findings. Because there was variability across seasons in which symptoms were included on the physician evaluation forms, only those symptoms that remained consistent from season to season were included in the analyses (Appendix 3, available at www .cmaj .ca /cgi /content /full /cmaj .092190 /DC1).
Statistical analysis
Descriptive univariable and bivariable summary statistics were provided for the independent and dependent variables. Concussion rates were calculated as the number of regular-season, gamerelated concussions per 100 players per season. The incidence density or average incidence rate of concussion was calculated as the number of instances of concussion (allowing for re-entry into the study of a participant who had fully recovered) divided by the sum of estimated individual athlete-exposure time. The athlete-exposure calculation is shown in Appendix 2 (available at www .cmaj .ca /cgi /content /full /cmaj .092190 /DC1).
Univariable logistic regression was fitted to explore potential predictors (initial postconcussion signs, symptoms and abnormal neurologic examination findings) of time loss. A 10-day time loss cut-point was used as a marker to retrospectively distinguish concussion severity (≤ 10 v. > 10 days); this marker has been supported in the literature for adult male sport participants. 3, [20] [21] [22] [23] Multivariable logistic regression was fitted, adjusting for age (in years) and position (i.e., centre, wing, defense or goalie). Sensitivity analysis was also performed by treating time loss (in days) as a continuous outcome. In such case, a linear regression model was fitted to identify potential significant predictors of time loss. A selected (type 1 error) level of 0.05 was used for all analyses.
Results
Primary outcome variable
There were 559 physician-diagnosed, regularseason, in-game concussions among NHL team players reported during the seven years of study. The mean number of concussions per year was 80, with an overall game rate of 5.8 concussions per 100 players per season ( Table 1 ). The estimated incidence density was 1.8 concussions per • Alteration of awareness of consciousness (including but not limited to loss of consciousness), "ding," having one's "bell rung," being dazed or stunned, having a sensation of "wooziness," "fogginess," seizures or any type of amnesia;
• Any signs or symptoms consistent with brain injury or postconcussion syndrome, including but not limited to one or more of the following: headache, vertigo, light-headedness, loss of balance, unsteadiness, syncope, near-syncope, cognitive dysfunction, memory dysfunction, difficulty concentrating, sleep disturbance, hearing difficulty, ringing in the ears (tinnitus), blurred vision, double vision (diplopia), personality change, drowsiness, lethargy, fatigue and inability to perform daily activities;
• Transient or persistent neurologic signs;
• Symptoms or signs as outlined above after a suspected or diagnosed head injury or concussion that occurs during or after a return to activity. 
Secondary outcome variable
Individual postconcussion time loss ranged from 0 to 342 days, with a median time loss of six days per concussion (interquartile range [IQR] 2-13). Of the 529 instances of concussion for which information on time loss was recorded, 69% (363/529) missed up to 10 days of unrestricted competition, whereas 31% (166/529) missed more than 10 days because of their concussion. The percentage of instances of concussion that resulted in more than 10 days of time loss ranged from 19% to 43% per season ( Figure 1 ). A Kruskal-Wallis test showed a significant difference in median time loss across different levels of recurrent concussion (p = 0.007). A linear regression analysis adjusted for age and position showed that, on average, time loss increased 2.25 times (95% confidence interval [CI] 1.41-3.62) for every subsequent (i.e., recurrent) concussion sustained during the study period. Table 2 highlights summary statistics for the consistently recorded initial postconcussion signs, symptoms and physical examination findings for the 559 instances of concussion. The most common postconcussion symptom reported was headache (71%), followed by dizziness (34%), nausea (24%), neck pain (23%), low energy or fatigue (22%), and blurred vision (22%). Amnesia (either anterograde or retrograde) was experienced in 21% of instances of concussion, whereas loss of consciousness was reported in 18% of instances (mean period of loss of consciousness 19.3 [range 1-300] seconds). Neurologic examination findings were abnormal in 13% of cases.
Independent variables of interest
In 69% of instances of concussion, between one and three of the 10 consistently documented symptoms were experienced, whereas in 20% of instances, four or more symptoms were experienced. Symptoms other than those consistently documented over the seven years of study were experienced in 11% of instances (Appendix 4, available at www .cmaj .ca /cgi /content /full /cmaj .092190 /DC1). Figure 2 shows the distribution of symptoms in players who experienced time loss of more than 10 days and those who experienced time loss of less than 10 days. A linear regression analysis adjusted for age and position showed that, on average, time loss increased 1.89 times (95% CI 1.53-2.34) for each additional postconcussion symptom experienced.
Univariable logistic regression analysis showed that headache, loss of consciousness, low energy or fatigue, and light sensitivity were significant predictors of time loss greater than 10 days. Controlling for age and position, headache (odds ratio [OR] 2.17, 95% CI 1.33-3.54) and low energy or fatigue (OR 1.72, 95% CI 1.04-2.85) remained significant predictors in the multiple regression setting (Table 3) .
Sensitivity analysis was performed by treating time loss as a continuous outcome. Logtransformation of time loss was applied because of a highly right-skewed distribution, with 41 cases requiring a change in time loss from 0 days to 0.00001 days to avoid exclusion of these cases during the transformation. Controlling for age and position, significant predictors of time loss in the multivariable linear model included headache (p < 0.001), low energy or fatigue (p = 0.01), amnesia (p = 0.02) and abnormal neurologic examination findings (p = 0.01) (Appendix 5, available at www .cmaj .ca /cgi /content /full /cmaj .092190 /DC1). Table 4 shows the distribution of postconcussion actions with associated time loss and the percentage of instances of concussion that resulted in time loss greater than 10 days. In 70% (369/529) of instances, the players with concussion were removed from play during the regular season game in which they sustained the concussion (median time loss 7 [IQR 3-12, range 0-185] days; time loss greater than 10 days 31% [115/369]). In 8% of instances of concussion (44/529), the players were evaluated or observed and returned to play in the same game. Although the median time loss was 0 (IQR 0-4, range 0-342) days for these players, 14% (6/44) subsequently experienced more than 10 days of time loss. In 25 instances (57%), the players did not miss any subsequent time after being evaluated and returned to play in the same game. Of note, there was no report of loss of consciousness, amnesia or abnormal physical or neurologic examination findings among any of the players who were evaluated or observed and returned to play in the same game.
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Postconcussion actions
In 11% of instances of concussion (56/529), the players continued to play (because the injury was not observed or was not reported by the player) and then later reported symptoms to the medical staff after the game (median time loss 2.5 [IQR 0-11.5, range 0-275] days; time loss greater than 10 days 27% [15/56] ).
In 5% of instances of concussion (24/529), the players were sent to hospital (28/531) (median time loss 16.5 days [IQR 8.5-31.5, range 0-100] days; time loss greater than 10 days 71%). Among patients sent to hospital, 63% (15/24) experienced loss of consciousness (p < 0.001) and 54% (13/24) experienced either anterograde or retrograde amnesia (p = 0.001).
Interpretation
Rates of concussion in NHL regular-season games declined from a peak of 7.7 concussions per 100 players during the 2000-2001 season to 4.9 per 100 players during the 2003-2004 season. Possible explanations for this finding include the following: more conservative management or return-to-play decisions by physicians; increase in the NHL in the severity of concussions (i.e., longer time to complete resolution of postconcussion symptoms); failure by players to report symptoms for fear of being held out of games; reporting by players of only severe symptoms; use by NHL team physicians of higher thresholds for diagnosis of concussion; or increasing use of neuropsychological testing results before making return-to-play decisions.
Using modelling techniques for multiple regression, several initial postconcussion clinical manifestations were found to be significant predictors of time loss (headache, low energy or fatigue, amnesia, and abnormal neurologic examination). These findings are of use to physicians, medical support staff, players, coaches and management, given that they have prognostic utility for assessing concussion severity at the time of injury.
In 27% percent of instances of concussion in which the player continued to play without gametime medical evaluation, more than 10 days of time loss resulted. Possible explanations include the following: the injury of the players was not observed or recognized; the players did not report their symptoms to medical staff; symptoms may not have been present at the time of the event and only occurred after the game; or players simply did not recognize their symptoms because of their concussion. It is becoming more apparent that athletes with acute concussion experience functional or cognitive impairment and reduced reaction times. [24] [25] [26] It is possible that continued exertion in the immediate postconcussion period may exacerbate the injury or increase a player's susceptibility to further injury, which may ultimately increase severity and prolong recovery.
Our results suggest that, on average, time loss significantly increased for every subsequent (repeat) concussion sustained during the study period, as well as for each increase in the number of postconcussion symptoms experienced. This finding is consistent with others reported in the literature 21, 22, 27, 28 and suggests that more conservative or precautionary measures should be taken in the presence of such factors.
Estimating concussion severity and subsequent time loss from athletic participation at the time of injury has been a daunting task for health care professionals. Because there are presently no direct prognostic measures of concussion severity or concussion resolution, severity can only be determined in retrospect, when symptoms have completely resolved (during rest and postexertion) and cognitive function has returned to baseline. Although several studies have advanced the understanding of the natural history of concussion and recovery from it, 21,26-31 we are not aware of any prospective studies that have been conducted to specifically assess the predictive utility of initial postconcussion clinical manifestations for time loss in a cohort of male professional ice-hockey players.
Limitations
Our study had limitations. First, underreporting of concussion diagnosis by physicians may have occurred but could not be measured. Second, it is unknown if different reporting and return-to-play thresholds existed among physicians of different teams. Third, there was no systematic collection of data on practice-, exhibition-and playoff-related concussions, so the accuracy and completeness of reporting for these injuries could not be ascertained. Fourth, the NHL-NHLPA Concussion Program evolved over the seven-year period of our study, and only those signs, symptoms and physical examination findings that remained consistent from season to season were included in the analyses.
Fifth, it was not clear exactly when specific symptoms occurred or recurred after the initial concussive event in instances in which players with concussion continued to play or those in which they returned to play after evaluation or observation. Sixth, prior history of concussion was not collected on the physician evaluation forms. Thus, we could comment only on recurrent con- cussions observed during the seven years of study. Seventh, the sensitivity analysis treating time loss as a continuous variable in the linear regression model identified more significant predictors than the logistic model that used a 10-day time loss cutpoint as a marker of concussion severity. This is a limitation of dichotomizing continuous variables that often results in loss of information. Eighth, we collected information on the basis of instances of concussion and not individual players. Hence, we were not able to adjust our analyses for clustering of multiple concussions within players.
Lastly, this study had a descriptive observational epidemiologic design, and therefore, it cannot provide detailed insights into the underlying biology or pathophysiology of concussions.
Although we can be certain only that the results of this study are generalizable to adult male professional ice-hockey players, it is plausible that similar findings would be observed for adult men with concussion in nonprofessional hockey as well as other contact or collision sports. It is unknown whether similar results would be observed for children, women or concussions not related to sports. modelling techniques for multiple regression, four initial postconcussion clinical manifestations (headache, low energy or fatigue, amnesia, and abnormal neurologic examination) were found to be significant predictors of time loss among male professional ice-hockey players.
Conclusion
Our results suggest that more should be done to educate all involved with the sport about the potential adverse effects associated with continuing to play while symptomatic, failing to report symptoms to medical staff and failure to recognize or evaluate any suspected concussion. Our findings also suggest that more conservative or precautionary measures should be taken in the immediate postconcussion period, particularly when an athlete reports or experiences a postconcussion headache, low energy or fatigue, amnesia, recurrent concussion or many different postconcussion symptoms, or when the athlete has an abnormal neurologic examination.
